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сопра*+=- graphics. To accomplish this first step a graph- 
ical support program was developed for visual/grapkical 
Meereseriatiea of a Lanchester-typ2 force-or-force combat 
model thet sinulates a small-unit amphibious operation. The 
graphical. supoert program provides the user with a menu to 
determino the tyre cf visual display for output data. Three 
types cf visual displays are corsidered: (!) line graph; (2) 
Бег chert; ani (2) grid map. Each tvpe provides a differen- 
view of the model's output data. By utilizing these types 
cof visual ispiays, the viewer is provided a supportive 
methed that enables him to analyz= and assimula:e th= model 
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I. INTRODUCTION 


A. OVERVIEW 


This thesis develops an interactive upgrade ага an 
interactive grachical support program which is 552 main 
thrust of the tkesis for a smail-unit amphibious operation 
combat model: develcped by James 4. сес PRef. 1]. He 


States the overview of the model as follows: 


"The model commences witha u асса рос 

aggressor forces | Мес: с т Мат ме Infantry 

Ва E ce rounte Sn board Landing Vehicle Assault 
|. 


саті (LV Moving against a defensive force ashore 
Шы аттес тп ток =а pesztion along the coast the aggressor 
merece 25 actemfti= ng to occupy. mies пе shi d= se-shore 
Ешасес ог combat js completed, the model  contznuss to 
Бе ате Land combat furtner inland between the 
assaulting aggressor forces and other defensive forces 


occupying xey terrain." [Ref. 2: p. 101] 


The interactive upgrade of the model provides the user the 
capebility to interact with the time step interval and he 
кубе ог оцтра= £cr each phase of the model. The main thrust 


Не Thesis is to support the model with a variety of 
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visual displays to facilitate th 
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laring of bota the output data of the model апа the model 
itself. 


В. SMALL-UNIT AEPHIBIOUS OPERATION COMBAT MODEL 


ШЫ Баскасолта 


The small-unit amphibious oparation compat model has 


Неле beside Of Man evolutionery огосезс. This process 
was initiated by David L. Chadwick in his thesis (Ref. 3% 


Не modeled the amphibious assault of 


Fh 


ді 


e waves cf LVA 


" 
against a defensive force composed of tanks and antitank 





guided missiles  (ATGM) Bn fispa positions ashere. 
Additionaliy, a land combat model has been developed by 
Jcseph Smoler ir his thesis (Ref. 4] which model2d three 
aggressor force units utilizing tanks and attacking three 
defensive force units armed with tube launched, optically 
tracked, wire ccmmand link guided missile systems (TOR) in 
шоа positions. Smoler's model utilizes the Fulda Gap 
region of West Germany as the location for the land combat. 
The land combat model was further enhanced by Glenn» Mills in 
his thesis [Ref. 5] whic added flexibility to Smoler's 
подеј. With an amphibious assault and land combat models 
developed, the next step in the process wes tc develop a 
model which combined the concepts of the two models into спе 
which simulates an amphibious assault. Soon Dae Park ir hi 
thesis [Ref. 6] integrated the two models into a small-unit 
amphibious warfare model. Park's model served as tne basis 
Peorethe next evolution which is the present configuration of 


the model. 


D 


I'd 


resent Configuration 


The present configuration of the modei is found in 
Crites' thesis identified in Rererencs 1 In his thesis the 
small-unit amphi: tious overation comba* model consists of two 
distinct, yet irterrelated phases. The first phase is the 
Ship-to-shore combat phas9 which depicts an agazessor fcrce 
of five waves of LVA'S against a defensive force of one tank 
and one ATGM unit in fixed locations. The second phase is 
the land combat phase where two forces which ccensist of 
three aggressor units of tanks and three defensive units of 
TOW's battle each other in the Fulda Gap area of West 
Germany. The interrelation of the two phases resuits fren 
the concept of an amphibious assault which bedqins at sea and 
ends with tne accomplishment oF a land objective(s). 5 


the Fulda Gap area is of grave importance to military 


9 











Bom@encers, == is only fitting that *his area be и: 121 2є 
provide tne field of battle during the land combat phase. 
Mae battie outcome of both phases and the initial input data 
are presented ir an alphanumeric listing titied "Amphib! 
st img This listing and the previously discussed phases 


of the model are the departure point for the thesis. 


ши 1098815 OF IHE THESIS 


There are three goals of the thesis. The first goelsse 


zo develop an interactive uparade of the model that provides 


the appropriate data management for interaction of the model 


meek the graphical support. The second goal is to develop 
am interactive graphicai support package that provides 
visual displays cf the data output of the model. The final 


“ 


acal is to develco an executive routine that interfaces the 
Medel with the graphical support program. Before discussing 
these goals an understanding cf what is interactive computer 


graphics is necessary. 
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II. GENEFAL DISCUSSION OF COMPUTER GRAPHICS 


A. BACKGROUND 


Conputer grarhics first entered into the computer field 
in 1960 wher a ccmputer-driven display was attached to MIT's 
Whirlwind I (Ref. 7] computer to ganerate simple pictures. 
The computer-driven display made use of the catiode-ray tube 
(eT). This СЕТ was Similar in design to the опе used in 


. % 


шашсутътоп sets. Even with this utiltzaticn of the CRT, the 


progress of interactive compute graphics наз stiíled 
because cf the actual employment af ths computer in the 
ВО". The computer was basicaliy utilized oy scientists 
and engineers as "number crunchers'. Noz until MIT devel- 


РЕ ЕЕП спе TX-0 and ТХ-2 412 interactive compu:er graphics 

become feasible, thus laying the founéation fo: an academic 

ERNos:on in this field cf computer utilization [Ref. 87]. 
With the new developments at MIT іп the feild of 


computer graphics, the staqe was 5 


(0 
cl 


tOr a newrconputer 
language to facilitate the user in expressina his ideas. Іп 
1957, a new computer language was develcopel by 7. W. Backus 


and asscciates which was introduced by IBM and called 


FORTRAN [ Ref. 9]. The design cf the language centers around 
a single primary goal: s»wecution efficiency. Even though 
FORTRAN provided users with a more efficient means of comnmu- 
Matas With the computer, it was not unitl the early 
1960's that people started to realize that a nors interac- 
tive method of communication with he computer must be 
developed. Thus, interest in graphical displays beqan to 
Бом. 
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A dissertaticn in 1963 by Ivan Sutherland discu 


= N 
cr 


Sketchpad syster provided the breakthrough іг 
interactive graphical displays (Ref. 10]. Sketchpad s = 
comprised of prcgzams which used an interactive  dispia 
console that responded аз ап input/output device. E 

device accepted ard displayed data in beth pictorial and 
alphanumeric characters and also provided a more efficient 
means of contrciling the program's sequence. Ву “ве 
mid-1960's Sutherland had seen his Sketchpad system take on 
may Changes, and in the area cf graphical research a number 
cf companies had initiated research projects. In the 1970's 
tne fruit of these research projects was felt. During the 
early 1970's Many airline carriers installed on-line 
terminal systems tc expedite the processing of passengers. 
With the advent cf the home ccmputer and video games, incter- 
active computer graphics has established itself as a viable 


field within the computer world. 


В. DESIGN PRINCIPLES 


When designina an interactive computer system or 
пеш, + if Oniy fitting that certain general design 
Besreiplies be considered. The principles that ere celavezn* 

у = 


е 
aphicz:l program are (Ref. 11] 


pp. 


loan interact 


Seli-explanatory. 


Self-helping (help user). 


Simple intərface with user. 


Interaction by anticipation. 


л E w N Aa 
е 


Optional verbosity. 


à self-explanatory program is ona which displays to the 
рго 


а 
user sufficient explanatory information of the c2ss being 


Г 
~ 
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БЕЗЕП Cut “to alleviate the user from having то use 
external manuals for explanations. This car be satisiied by 
the designer by having his program display c2rtain items 
that are essential to the understanding of the program's 
process. These items could be of the form of an intzoduc- 
tion, a menu, messages, o reminders displayed on the CRT. 

A self-helpirg program provides а friendly atmosphere 
ШЕСІ dces diagnestic chscking of the i nput to the program. 


When the user inputs an item outside the bounds of the 


query, the pregram returns a diagnostic message stating the 
fallacy of the irput iten. After th> message is sent, the 
program requeries the user and awaits further input. 

ample interfacing with the user is facilitated by 
ensuring that shcrt, simple and obvious actions аге requized 
of the user. The presenting of a menu where the user 
ВЕ en op:ior of the ргсагав соціа be one form cf inter- 
зе: па. Tt is recommended that each menu be comprised of 
groups cf opticns from five to seven selections. BY 


ct 


Ду the menu selections *o the above numbers, che user 


1 


is better able tc assimulate the information and iS гот сугг 
burdened by the amount of information presented. 
An extremely beneficial and desirable feature of a 


ED am is Interaction Бу anticipation. Interaction by 


Re 
anticipation mears that the program is desigreG to antici- 
pete the desires of the user. These desires are presented 
Enn the optiors cf the progran. А menu selacticn neth 


О 
provides the options with their numerical values from which 
h 


с! 
(D 


a user would select his desired option by enterin 


Amber corresponding to nis choice. Ву s+treamliring the 
program in this manner, the user is not required to anter a 
lengthy line of input in order to manipulate the progran. 


Те ева зл а principle, cptional verbosity, саг be 
described as a program with two levels of detail. One level 
a 


Ен оч се ог f»xrst-tjme user will cont 


13 





inzormation concerning the program and the actions required 
ef the user. Whereas, the other level will provice iittle 
Or ne information and abbreviated communications both то and 
from the computer progran. Тре type of terminai that is 
bein used will determine *he amount or lack thereof of 
cptional verbosity. 

The design principles above provide a fcurndation for th2 
ШЕИ орлеп оя an interactive graphical progran. Ат сс 
concourse in the thesis a discussion about the principles of 


chart ard graph desian is pertinent. 


ЕЕ NCIPTES OF CHART DES IGN 


Charts ana graphs provide a medium for explaining, 


с 


interpreting and analyzing numerical facts Бу means of 


С 
ЕСЕ с, lines, areas ard other geometric forms and symbols. 
They presen: a fcrm of visual communication which preserts a 
more clearly grasped and more easily remembered reprəsenta- 
mone ог QGUantitetive data. Charts an graphs can h2ip 
visualize hidden facts and relationships, as well as provide 
a comprehensive picture of a problen. They alone are no 
ЕЕ соса: substitute for presentation of data, but they 
КИША be used iin cecnjunction with tabular forms and other 
= Of presentation [Ref. 12]. 

The design ard layout of charts and graphs are governed 
by certain basic principles. The zdes'goner sLoWuld first 
become famaliar with the type of data tc be 
graphic form. He must digest the material and become aw 
ст tne major ispiicetions associated with г 
Along these Lines the designer shouid focus on the meth 
that are utilized to produce the data and an unders 
of the subject mat<er which produced the data. Secondly a 
decision concerning the pe of chart o- graph th 


ty 
appropriétely represent the data is nade. There are several 
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егете Rich enter into a decision of this kird, such es 


(Ref. 13] 


1. Nature of the data. 

2. Medium cf presentation. 

Se Purpese of “¿ne Chart. 

Ц. Time available for preparation. 
5. Audience for whom the chart or 


graph is intended. 


Ihe First Bacher, nature of the data, has :he désigne- 
Cus ng upon the data itself. Some сета ofi Cata do not 
lend themselves Ес graphicai representation, ‘thereby 
veer If tas 


Шин га а icrit Of a table to present th= 


а 
deta are classified by some form of gaographicai c 
tke eeSiqner cculd present the data in the fo 
illustrate tne ceographical categories. FO 
data the designer is able to select from a variety of charts 
fer representaticn of the date. Once the nature of “he дата 
has been determired and 2 decision on the type of chart or 
graph +c design, the designer must now consider the medium 
Си гезептат- оп сЕ the chart or araph. 

The medium of presentation relat2s to the useage of the 


Chart or graph. Charts or graphs may be used in 2 number of 


wavs. Some of these ways are for reproduction in books, 
Sports, ӘШБӘЕШЕ Ос any Other Zorn ог tyvewritten work, 
lectures, slides, and other forms of media. Since there is 


such a vast array of mediums of presantations, the designer 

must consider the possibility of reproduction, “he type of 

Besroductzon, and the amount of reduction cf his des 

The arees where his concern are focused on are the over 

Size ot the chart, thickness of lines, size and style 
у 


ие Ше pesationing of the le+t“sring and a variet 
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eher details or: che сһаг“ ос granhı Along with considering 
the medium cf presentation the designer must also consider 
К>» Purpose Of tle cmert or graph. 

ИН conjunction Sith the purpose of tha chart the 
designer must ensure that his design fulfills certain basic 
objectives. Schmid (Ref. 14] listad the following basic 


objectives: 


1. Accurate representations of the facts. 
2. Cleéer, easiiy read, and understood. 
3. So cesigned and constructed as to attract 


and holdat -ation 


Meena with the atov= basic objectives each chart or graph is 
designed with спе ог more specific objective(s). The 
designer must corstantly remind himself ol the орјес+і уз (5) 
of his chart or сгаоц so that he does not loose sight of the 
purpose СЕ nis design. 

Another factcr that the designer must be aware of is che 
time avallaple for prevaration. A designer could become 
unduly ccencerned with the time element and cost of а project 

у 


шета пос work to be hurried and sloppy. If he induiges 
x 


in useless details, he could waste ime and clutter the 
design with non-essential information. Ву planning his time 
and covering the subject zdequately, the designer is able to 


produce a work of hiah quality. 

The final factor that a designer must consider is the 
eüudience to whos the chart or graph is intented. The 
designer is concerned with the technical knowledge of the 
audience in the realm of graphics p 
nical knowledge cf his audience will determine the type and 


detail required in his design. 
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In this and the previous section a discussion cf tae 
Deencaiples behind in уе computer graphics ard chart 
design have been provid2i to illuminate the thrust of this 


#12515. 
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ІІІ. SMALL-UNIT AMPHIBIOUS OPERATION COMBAT MODEL UPGRADE 


С нито ыо НӘ ШШШ» ышы eee ë a 1 A A TEE; што ош — de = с —= => — me en 


А. OVERVIEW 


тће small-unit amphibious operation combat model 
presently ccnsists of two combat phases of an amphibious 
assault. Figure 3-1 in Crites' thesis provides the scheme 
of the flow  aná sequence of events for the model. Wn 
the sequence of events is depicted two submodels which 
comprise the overall model. The )ship-to-shore combat 
submodel handles the amphibious operation trom a distance of 
twenty-five niles at sea to the shore. The lanc combat 
Submodel handles the battle once tha aggressor “forces have 
reached shore and started their land assault. The ssqu 
СЕ events for the two submodeis are found zn Figures 3-3 and 


3-7 in the above referenc2. Each submodel has its own input 
р 


deta file. For the ship-to-shore compat submodel the input 
data file 5541 ГАТА and for tne land combat submodel the 
input data fiis LAND DATA are used (S2¢ Appendix B). Since 
Semen thesis was a first tep towards  meking this  comba- 
edel "user frieraly", ih» author fal*t that the development 
oí the interactive graphical support should be a separate 
program. This decision of maintaining sevarate  prograus 
(6. 9. tne smail-unit ampnibious рада combat model and 
ШЕ тпсетасіыіуе старһ:саі support programs lead to a rede- 


fining c= the data management within the model's program and 
developing an executive program +o execute the two program 
The data management is discussed іп the next sectio 
whereas the executive program is discussed in Chapter V of 


his thesis. 
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В. DATA MANAGEMENT 


The data Management within the model consisted of the 


employment of arrays to store the input and processed data 
during che execution of «Пе medel. With the development of 
the interactive graphical support program, the management of 


2 
the data transfer between the support program and the 
ШЕЕ! "5 ргодгат had to b2 accomplished within the const- 
raints oí the FCRTRAN language (Ref. 15] and then 
storage in the IBM 3033. Once the appropriate data were 
processed and stcred within the combat model, tre ne: 


x 
was to transfer the data from the model's program to Files 
S 


established on magnetic disk by the =xecutive program {Sea 
Appendix С). This transfer was accomplisaed ру adding 
various write statements within the mcdeits progran. TO 


transfer the data from the files to the support program and 
pales 1 12 data within tha appropriate data structures, а 
special subprogram titled Input was developed to handle 
these functions (See Appendix A). The da 
utilized in the support program paralleled thos uged in 
model: po vs. Having established +h 

Management for the thesis, the next step was 0 детесат пе 
which input data varaibles of the model were candidetes for 


being entered interactively. 


С. ITERACTIVE FEATURES 


There wera two input data variables of the model chat 
were candidates for restructuring as interactive in 
the user. Within the arza of дата оцтр 
the user should be allowed to interactively 
detail of the battle summary tha? he des 
program was upgraded by providing a meru from which thre us 
would sélect the desired detail of the battle summary (See 


Appendix A). The other faatura selected was che time 5520 
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which determines the inte 
each iteration. TCR 


Е 
те 5 
ten second intervals. This static interval does not srovide 
ame —tlefibility for the u 
m 


data. Therefors, the time step was changed to ar interac- 

tive item allowing the user the opportunity to input the 

interval for analyzing the data over. Although there are a 
1 


number c other candida=es within the model's oroatam for 


fu 


iW 
p 
(m 


< Л 
0» 

| 

+ 

£5 

к" 

| 


transistion, these two input data variables were C 


(1 


e 


Q 


due to the time element not being sufficient tə cor 


of the possible candidates. 
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А. OVERVIEW 


вые incerectiye graphical. support for г small-uni®t 
amphibious operation combat model consists of a main program 
and five subprograms. The mair orogram uses subroutines to 
input tke Geta generated from the zxecutior of the smail- 
unit amphibious operation combat model, to initialize the 


data for further use within the program, and to quide the 


user toward the graphicai display of ths date. The main 
Esa consists of five features which perform its func- 
tions. The firs: features is the data handling feature which 
Поаро атеѕ he data by inputting, stering and initializing. 


ШЕГІП the suppcit program. The second fear 


This feature handles this process by calling two subroutines 
ure 
роге program is the e=nteractave feature which i 


with tne user rigarding *tne selection process dealing with 
the introduction and graphics representation cf tne medel's 
output data. ШЕ = оата, fourth and fifth £eatures of he 
support program contain the appropriate FORTRAN subroutines 
for producing line graphs, bar charts anda grid map. The 


1 р 
latter hree features are independent of the other, but hey 
= 


depend uron che selection process of the interactive 
feature. Figure 4.1 describes the method for the flow and 
sequence of everts in the main progran. Ав vreviousiy 


mentioned each feature of the support program has its own 
unique purpose, and a datail elaboration of each feature 
will be presented so that the reader can appreciate the 
Ben zsbuzson of sach feature to the sverall support progran. 
Before beginning the discussion of these features, i 


pertinent at this pcint to present to the reader an 
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Fígure 4.1 
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Sequence of Events in the Main Progran. 
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explanation of the softwar] utilized in developing “te 


three features. 


В. DISSPLA 


The software utilized to develop the last th 
ОШ ene SUPPCr< progrdw 25 DISSPLA [ Ref. 161. DISSPLA is 
де 
реч а 


acronym which stand for Dispiay Integrated Sc 


ала Plotting LAanguage with the capital let*2rs making up 
the acronyn. + is a proprietary software product of 
Integrated Software Svstem Corporation (ISSCO). DISSPLA is 


NE ten ir the computer language cf FORTRAN utilizinc 
Subroutines as the basic foundation of tha software. 
computer indepencent in that it has been desianed for both 
the mainframe ата super-ninicomputers. It is also device 
independent enabling the user to utilize dilferent qzaphics 
Smerue devices. The selection of the graph: е 


С 
is determined by a Singi2 call to the äsvi 
© 


се  nominetion 
routine. ПТ55РТА огсуійав many lavels of scphisticaticn to 
the user. Т ТИШ Ыш исә simple, quick ог high quality, 
Peemessional plots with the degree or sophistication cont- 
rolled by the user. To effectively usa DISSPLA all znet is 
needed is a basic knowledge of FORTRAN ard access to а 
pocket guide (Rsf. 17] or user's manual. Ancther book 
Поа 'HISSPLA First Facts" (Већ. 18] is beneficait to the 
first time user teacause it iliustrates the different types 
ОҒ arapnics anc levels of scphisticatior available in 


ОБРТА. ап Ча of “the softwere utilized in this 
thesis, let us now take a look at the five features of the 


interactive qraphical support program. 
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С. DATA HANDLING FEATURE 


The data handling feature is the first feature emploved 
within the main шодгав. This featmre is GMperceptible to 
the user; since ће is unaware of the executicn of the func- 
tions of this feature. This fəaąature provides for the 


НИ па, StOrirg and initializing of t 
the combat model. Нина по Цео 56 Euncii 
EN —sub-zcutines within the support p 
Subroútine acquires the generated data cf the ccmba- 
trom the disk spéce and stores the data into the app 
arrays and variatiles. The Inital subroutines ае-е 
Бе attrition data are too voluminous fo 


Шеарпв, апа іі so, transisticns the attriticn data һу а 


sequential, deterministic process into a smaller attrition 
data base. Über <ne сета -пласісп or the fwheticns of this 
feature, tne main program is ready зо begin interfacing with 


SNS user. 


D. INTERACTIVE FEATURE 


The interactive featurs of the main vroqram is the first 
Leatur= that the user encounters. This f£Sdetws ас the “work 


querying the user for and maintaining nis selections, апа 


guiding the user through various menus culminating with the 
entrance into ons of the other Features T.e. line graph, 


Dan Chart, ог grid map). < 


ü апе 
am E a 4 = = 7 d acc к ae a 3 IE ES 
che principles cf simpia 1interiacing апа interaction by 
р 


ENSE CIDa-ion. Simple не аси” is accompiished bv 
requiring the user to respond cnly to che queries py either 
a simple press cf the "enter" key on the keyboard, or by 
typing in the numserical value of tne menu's opticn or cf the 
input data variatkle requested. АМЕ пезешао оп by ant ~ 


Баслой) 122 525 accomplished by providing the user with e 
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menu selection process which anticipates his desires in 
reeching the goal of graphical representation of the mctel's 
a pu: data. Figure 4.2 illustrates the sequencing of the 
menus within the support program. Apperdix А, user's 
manual, provides a more detailed explaination of sach menu 
іт Figure 4-2. 
Е. LINE GRAPH FEATURE | 

The nex- feature within the main program is “he line 
graph feature. me puzpoose of this feature is to construct 
бистар: са: representaétion ci the attrition data of the 
forces employed within the two combat phases of tk? smaii- 
unit ampnibious cperation combat model. The attrition data 
utilized in the line graph represent the percentage of a 
unit remaining during the execution of combat. The associa- 


БЕН ресчеел the attrition data and the time step used in 

tha combat model is depicted by the cornected dat 
е зп the ine graph. tne ззае чер. а 

trates he depletion of the unit's strength per time step as 

the combat progresses. Ше, ches da 

percentage of 


u 
12 unit at each time steno. The x-axis 


| > 


© һ 
гареіісі with the time step while the y-a 
ab m 


elied with the vercentage cf unit(s) re 
5 a 


X-axis may not ccincide with the ti 

by the user in the combat model. The са 

difference is due to tne limited space associated with the 
7 


subpict area in relation to the overali page sl 


plot. To circumvent this problem the subroutine, Inital, 
utilizes a deterministic method +o calculate a proportional 
time step scale for the x-a Xis. о e on awah deter- 
ла 0-5 tine step scale, the subroutine must also 
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systematically select he percentage value assoicated with 
the new time step scale. This is iona o approximpste the 
original line that would have been drawn had ail  -ne data 
been able to be plotted. With the line graph the user is 
able to visually acquire what the data in “һе АМ 
LISTING is telling him about the attrition effect on a 


during an amphibious operation. 


Е. BAR CHART FEATURE 


The bar chart feature within the main program depicts 
the final attzition status of a group of forces within 
either combat phases of the small-unit amphibious operation 
combat model. A roup of forces relates іо either the 
aggressor or defensive force in either combat phase. Upon 
sel 2əction cî the group of forces, the graphics device 


dispiays г bar chart with the name of the units as Labels on 


the x-axis and the percentage ci force remaining 2s the 
y-axis label. Ihe purpose of -he bar chart is +c give the 
user a graphical representation of the status of forces upon 


u 
Zezmena*ion of ccmbat. Ss, - Е the user is not interested in 


ea irition oi force (s) per time естер, Ше Пзес 15 
ШОО а he opportunity to utilize the bar chart as a 
~epresentation of the final attrition data of a force. 


Ge GRID MAP FEATURE 


The final Feature within “he main program їз the grid 
map feature. The grid map is а coordinate scale mad which 
covers a ten kilcmeter square area of the Fulda Gap area in 
West Germany. igure 4,3 presents the area of the Fulda Gap 


T 
that is modeled by the smail-unit amphibious operation 
q 


Ie 
= 
combat model. Т 
р 
С 


re grid map feature was developed to oresen- 
a graphical representation of the locations of the units, 
primary and alternate firing positions of the defensive 
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Figure 4.3 Fulda Gap Area of West Germany. 
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the gric map feature. The grid map has two sets of cocrdi- 
бе on it. Е set Is the set utilized within the 


combat model to determine the location of forces,  iine-of- 


Sight between Ёсгсеѕ, and location moe Пелин о пало 
within the Fulda Gap area. The second set of ccordinates is 
the Universali Transverse Mercater (UTM) coordinates. The 


UTM coordinates provide the user with a vehicle to transfer 
a 


ЕОс map date to an actual mab of the Fulda С 


analyze the ccerrectness of the combat model. Ta> grid map 
ШЕТ ес а scale factor which displays cnly the area of 
combat used within the nodal facilitating a batter represer- 
taticn of the аягій map. It uses three symbols to display 
the information upon the пар. A tank symbol is used to 
represent the unit's location during land combat. This 

ard 


Брос те dawn lor the initial location of sach unit 
again when a urit has ‘tranversed more than two-hundred 
Ее стоп its initial position. when the units has moved 

t S, the new location b=comes tae 


er comparisons. Mie Symbol for 
n 


revresents the elternate firing positions of the Cefenslve 
хогсез enc is a dashed line in the shape or a crescent. 
Thus, a def£ensive fcrce at iis initial location will have a 
tank and a solid iine crescent, whereas the aggressor force 


а 
Will have a tank 
L 


oniy: Hooh force locati or іс identified 

with @ rumeric value reoresenting the force (1.2. 1, 2, or 
3 20І the aggressor forces and 4, 5, z 6 for the defensive 
forces). The grid map presents a still picture view of tne 
а 


шаша combat phase ас im transitiocns theough the comb 


mocel. 


29 








V. EXECUTIVE PROGRAM 

ith the development of an interactive graphical support 
for a small-unit amphibious operation combat model, a nethod 
was needed to interface the two programs. Due to the exten- 
Meee length of the two programs, "° the author felt that it 
would be beneficial *o maintain two separates programs and to 
interface them via an executive program. The exacutive 
program was developed with simplicity in mind. By typing 
one word the user is able to engage the executive program 


and sequentially progress +hrough the model and support 


program. Detailed intormaticn concerning the #2xecutive 
program is presented in Appendices А and C. ДИ зе Е 
synopsis cf the executive program follows: 


1. Compile the smali-unit amphibious oper- 
aticn combat model and the interactive 
support programs. 

Ее па or sh] twO p=carams. 

Sess cab wane th 


ЕЕ со -Ol OG =ans. 


iD 


file definitions required 


T Loa (C and execute the по121. 
5. Access DISSPLA EXEC which loads ard ex- 


ecu tes the inreractjive graph2cal supoort. 


6. Print the battle summary contained in 
AER ЛИЕ МБ а а. 
. Browse the AMPHIB1 LISTING file. 
e Exit when tne user is finished. 
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VI. FUTURE ENHANCE 

The interactive graphical support for a small-unit 
amphibious cperation combat model provides a capabiiity to 
the user to visueliy assimulete (1.2. to better comprehend 
and understand) the model's cutput:data via graphical repre- 
sSentaticn of that data. The support program provides three 
types o£ grephicei representations in this repec*t. Althou 
these graphical representations are not an end in the 
selves, they are a valuable adjunct to the usual approach of 
giving the user ronresporsive, rigidly fe 

hics 


Matted output data 
. T? 


вета и 


even if this be via computer graphic 


things to be done. 


А. INTERACTIVE UPGRADE OF THE MODEL 


As discussed previously in this thesis, the 5 
amphibious operation combat model was upgraded by ch 
two of the automatic inpux data items to interactively b 
inputted by the user. However, the use of interactive 
Within the nodel should not stop at this junctu 
exists within the SEA1 DATA ard LAND DATA files other input 

2 


data variables that are capable of being inputt 


) 


tively. By inputting data in this manner, the user does not 
С ћ 


3i 
then edit the data set + 


ct 


Ч 


lE to exit the model and 
an in T 


data variable. 


"о 


|J 


he designer would have 50 restruc- 
g a 


|-' 
сЁ 
fv 
cf 
(0 
ct 
y 
D 


Ee т ее пәпіз то facil: 


model by designin 


ne 
exchange of input between the user and the progr 


SEI The 
designer would also have to consider the principie of seif- 
helping by providing checks of the user's input to ensure 
рваст che input conforms to tne inpu*+ data requested. By 


developing “his enhancement the user would access а model 


which would be extremely flexible, simple and friendly. 
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в. COLOR GRAPHICS 


Presently the interactive graphical support utilizes a 
Текїгог1с пата ссрівг: or 3 Versatec plotter aud che screen 
c£ the Tektroric 618 to provide to the user the craphical 
representation of the model's data. The graphical represen- 
tation of the model's data could be anchanced by enplioying 2 
color graphics device as the output device “ог the support 
Brogran. The use of color grapnics provides thə ability for 
the user to emphasize a particular detail of the data, and 
regarding the grid map on opportunity to provides a realistic 
representation of the terrain in the Fulda Gao azez of West 
Germany. РУ ас со graphics , tha пороге program 25 
able to present a more appealing and comprchensive trepresen- 


МЕ ОП of the data. 


С. CONTOUR MAP 


The map of the combat area is only a aria map and do 
a 


not present the terrai 


4 


~ 


Tais does net give th 


(0 


i 
fv @ pa 
#3 
р) 
H 
(D 
ш zi 
|-> 
po 
rf) 
с” 
г 
а 
G 
ri 
$ 
О 
:3 


1 

iciure of the avenues of 
in the land comtat phase. BIE ODO 
lines of this area, the user is ablə to relates t 


G= approach to the type of terrain that the units 


over. Thus, the grid map takes on a new dimension for the 
user. Also, the user is able to utilize *hs contours +o 


néelp determine whether or not the model vrovides realistic 


data. ПИ па Tr Це User wishes to input tne attack 
routes, he will et a better feel for these routes and ne 
better able to provide realistic attack routes. The adding 


e 


oí this enhancement to the interactive araphical support 


would defin!taly add a new dimension to the grid пар. The 
data associated with the contour lines of the Fulda Gap area 


can be obtained from TRADOC Research Element Monterey (TRIM) 


which is located ahoard the Naval Postgraduate School. 
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VIT. PINAL REMARKS 

The geal of this thesis was to take a first step towards 
developing an interactive graphical support for 2 small-unit 
amphibious operation combat model. Having accomplished this 
qoal within this thesis, this interactive graphical support 
Паја the foumdeticas zon which a variety of options can 
о) ои This model with its support program provides a 
new dimension tc combat modeling for the user (not neces- 
sarliy an  advenced mcdeler) to examine, analyze, 
Eee cructure, and learn from. Thus, within a combat modeling 
Course, а command, contro. and communications related 
course, Of a COMPUTEL graphics course, this model with its 
Support program can be гпојоува as a tir 
trate a basic co 
зпррогт. The 
EE 1nd pcint for branching into o 


Egg ong uz:2iizirg interactive computer graphic 
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Pe purpose ct this Manual 15 t> providesto The user a 
summary cf the irteractive graphical support program and the 
information describing how a user would access and execute 
both the abcve program aná the smali-unit ampaibicus opera- 
tion combat model. This manual does not discuss in detail 
the smali-unit agphibious operation combat model, but does 
discuss those areas which clairify the support program's 
Е the combar model 
ce 1. The 


n 
гоагаж which 


discussion. Бот а севалшедцекрјагаћћого 
refer to Crites' thesis identified in Refe 
interactive grarhical support is a FORTRAN p 
consists of a nain progran and sever subprograms. The main 
program's functicns are to input the data gener а F>on the 
running cf the smail-unilt amphibdicus operation combat model, 
Пита се the date for further use within tfe па 
program, and то quide ths user toward the araph 
Ew he data. The mein ‘program consists of zi 
which perform the functions listed above. The first foature 
is the data handling feature which is responsible јог input- 
ode 


ting the cenerated data of the compat o 
MaS tE ructures and variables, for storing 


F^ 
с! 
ps 
б 
Р 
pa 
DON b 
па 
i 
а 


Qu 
ct 
fu 


а 

the attrition data bese, and ror scaling the attrition 
if required. The second feature is = 
which interfaces with the user regarding the sele 
process associated with a variety of m 5 
program. Ene QE Sd, four-n end £zri*h ге 

portion of the main program which con 
ENDPOutines for displaying the lines graphs, baz charts, and 
a grid map, respectively. The latter three features depend 
upon the interactive feature which provides “he menu selec- 
tions of the user determining which feature is displayed 


upon a graphics cevice. 
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The smali-unit amphibious onertion combat modei poss- 


esses certain ortiens which were developed prior to this 


thesis. These cptions were developed by Jim Critss in his 
thesis and dealt with stochastic versus de*erministic attri- 
tion, variant attack routes and alternate defensive 
pesitions. These options 2re seiect2d by manually replacing 
+he default data with the Cesired mou e лен БАРА А 


and LAND DATA files. With the де 
tive graphical support, an upgrade of 
р 


МЕ ГОСЕ 


~ 


of the model was undertaken 
По су or inputting two of the many options av 


within the model. 


А. BATTLE SUMMARY 


The batle summary is tke portion of th 


2 
which provides information concerning the force 
Within both combat phases of the small-unit am 

ation combat model. This імістпеізеп depicts 

combat, their cocrdinate locaticns, the attrition percentage 
Eu cch' urit, ard the identificaticr of which unit age 
each other. The information can be displayed fer each time 
Step or at the termination of battle for each com a 
The user makes the determination of the battle su a 
he wishes to receive by selecting the appropriate menu 
ог zelaring +0” the derail cf information desired. The 


following ménu is displayed to the user. 


BATTLE SUMMARY MENU 
EE В ЕС OR SACH TINE STEP IN 
СОЛ НЕС ОЕА РН 45 Е5 
СЕНЕ Ни (АЕ т РОВ FINAL TIME STEP IN 
BOTE COMBAT PHASES 











Sus, = the user selects option number one, «he battle 
summary fcr each time step in both combat phases 15 :псогро- 
rated irto the report contained in the AHPHTBT LISTING file. 
fie mee user selects option number two, the battle summary 
for the final tine step (i.e. when the battle terminates) is 
incorporated inte the report of the above file. Шеті “1165 
option the user is able to select the level of detail over 


which he wishes to analyze the dats. 


Be ТЕМЕ STEP 


The time step variable determine the ite ion interval 
that the model is executed cver. The previous value of the 
"ime step was set at ten saconds. This does not provide the 

flexibility to the user to evaluate the model over varied 
Бе. БЕЛЕ лс Ус this variable to an interac- 
Шиа cre, the user now hes the fiexibility to 
е 


the time step within the combat model. Since 


(о 
1 
(D 
(+ 


= wo combat phases within the model, the time step 
ction process extends over both ccmbat phases. The 
Ба: =рјау о: the information concernina the tinme step is 
псге verbcse thar the second within the land combet phase. 
The reason for this is to present additional information 
pertinent to the selection of the time step. 4ithin the 
ship-to-shore comba* phase, the foliowing information is 


presented to the user regarding the time step. 


ERBEN ORZTHERTEME STEP FOR THE 
SHLF-TOSSAIORE PHASE 
во УЕ ES EROVTDED TEE OPPORTUNITY TO SELECT THE 
ISE? TAE HREWISHSS TRE MODEL TO UTILIZE FOR 
INSERTA TNG 198 NRITRITION OF FORCES. THIS INTERVAL 
WILL ALSO BE DISPLAYED AS THE X-AX1S ON THE LINE 
A EEE RODUGCEDZBTETHEZGRAPHICAHL SUPPORT 
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EP те STEE IS-IN 
FOLLOWTNG М.А МЕА 
E, DECICE UPON Täc TIME STEP. 
2 ИРЕК НТН STER (ЕС. 30 SECONDS -- 
TOM y PAENT TERES STTHE ENTER КЕТ. 
the followin is 


To continue the selection process, 


displayed within the land combat phase: 


If the User answers no to the above option, the proqram wiil 


present the follcwing display to the user: 


PLEASE ENTER YOUR D&SIRED TIME STEP FOR THE LAND 
COMBAT PHASE (E.G. DOmSESONDS,L ENTER 5102"); 
THEN PRESS TEE ENTER KEY. 
is now able to determine the time 
rm the itera- 


With this option the user 
во ресс 


step during which he wishes the modal 
tions for either combat phase of the model. 








As discussed in the introduction to this user's manual, 
the interactive oraphical support program is diviced into a 
main program and seven subprograms. Within the mair progran 
there are basically five features which handle the various 
functions of the main ргсагап. This section will focus on 
the interactive feature which is the first feature that the 
user interfaces with the remaining features Бела discussed 
later on in this manual. The interactive feature of the 
main ргоагап 16 built along the lines of a 11 егасс 1 са 
structure containing six levels. The user may only exit tne 


main program at levels one and two, whereas the remainin 


“а 


es 


levels return the user to the succesding level. Leve т. 


{Л 


# 


% 
туо; 
4 


ү 
rerurns the user to the level five menu which called 


сї 


i 


graphics displev. 


А. LEVEL ONE 


Levei one presents the title page for the main program 


ӘНШІ сыс ілес the program seiecticn menu. This menu deter- 


Mines whether the introduction, beginning of the selection 
Beeces>s, or exiting the program cption is processed. The 
program selectior menu is displayed in the following manner: 


РЕОСКАМ SELECTION MENU 
1. READ THE INTRODUCTION 
= EEGIN THE GRAPHICS PROGRAM 
CE XLS DA E PROGRAM 
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бе LEVEL TWO 


Level two ccntains the introduction and the main menu 
selection. The зпегойис сзоп iS daepiayed if the user 
selects cption cne from the program selection meru. E 
consists of three pages of introduc:ary material regarding 
the interactive graphical Support program. To read each 
ВОГ the introduction, the user has to only press the 
enter key on the IBM 3277 keyboard. On the third press of 
the enter key the program automatically displays the main 
menu of “he program. The main ment is aiso reached if tne 
user selected ofticn two from the program selection menu. 
The main menu provides the user the option to enter the 
ship-to-shore ccıbat phase qraphics, the land combat phase 


Ши св, Or exit the program and is displayed as follows: 


MAIN МЕМ 
p GRAPHICS 


Upon a sel=ctior from the main menu, the prodqram enters 


ıevel three. 


Gee ceVvVEL THREES 


Level three consists ЈЕ two menus. The menus are the 
ship-te-shore anc the land combat menus. Each menu will be 


discussed separately. 


1. sShip-to- Shore Menu 


Тһе shir-tc-shore menu provides the user three 
Options to select fron. The fist option deais with the 
attrition analysis per те step which directs the user to 
another menu to determine which group of forces that he 


desires to anaiyze. The second option deals with the final 
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Шие: сп of the forces in combat. This option leads to the 
final attrition data menu where the user determines which 
@poup of forces +o display. The first and secon options 
branch the user to level four of the main progran. The 
third optior returns the user to the main menu. The menu 


NOE” this section follows: 


SEI- TO- SHORE MENU 
ls В BORGES В: ТЕМЕ STEP 
zi. IN ARSS O FORCES BY FNAL 
ATTFITION DATA 
E RETURN "TO МАГН "MENU 
The option selected by the user is placed into the first 


С 

element of the ISTSA array which contains the menu 
ns for the ship-to-shore combat phase. mos а 
one dimensional array with four elements which are tested 
later or to determine which graphics display is pre 
the user. п subsequent levels the remaining ele 
this array are mnitialized depending upon the 


she user selects. 


The lance combat menu has four options to select 
e 


from. The first and second options pertain t the sane 
subject matter as stated in the previous section except that 
they relate to the land combat phase. noe aise о о 


deals wtih the grid map. When the usar selects this option, 
the main prcqram branches to “the grid 
the DISSPLA software, and display 


graphics device. The grid map is dis 


р feature, orocess 


F 


(n 
ct а 


2 
he grid map upcn a 
u 


cuss 
Mater section of this appendix. The final 
the user to the main menu. The land comba 


the next раде. 





AND COB BAM ЕМО 


S08 EOMEES BZ 
S OR БОШ BT 
ON DATA 

| WITH ALTERNATE 
| 

Т 


С] 


ӘТЕР 


'ijt- 
кіні 
с Z% 
О ыр) 


L 
SETIONS/ 


ӨР UWETS 
О MAIN MENU 


(А) 

• 
о С) д>» р>" 
РЈ О ђе 3 == 
УЗ О на на 2» 


Here the option selected by the user is placed into the 
first element of the ILCA array consisting of four elements 
which are checked later on for the appropriate branching 
rs or uct ion. The remaining elements of this array аге 
filled in later leveis within this program. This array 


contains the menu selections for the lance combat phas>. 


D. LEVEL FOUR 


Level four consists of two different types of menus. 
One type deais with tre time step and the other type deals 
ШЕП the final attrition da ta. pach type will be discussed 


Separately so as not to confuse the reader. 


етт 


ID 
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E Menu 


К 


The time step menu is reached by the selection of 


Option спе from The ship-tc-shore menu or the land co 
menu. This menu provides the user the opportunity 


mbat 
to Geter- 


mine which groug of forces that he wishes “Фо зе! ест for 
ara l ysis. The group of forces are the aggressor or defen- 
sive force. With the selection of one of thes2 two ferces, 
the program branches to levei five of the main prcgram and 


the appropriate menu displaying the forces avaiable for 
analysis. The numerical value of the option selected is 
placed into the second element of the 15754 о: ILCA array 
depending upon tte previous menu displayed. The time step 


menu follows on the next page. 
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TINE STEP МО 
Та тот AGGRESSOR "PORCES 
2.” ANAMIYSTS OF DEFENSIVE FORCES 
er КЕТПЕН ТОЗНЕР-ТО-5ПОКЕ Оқ 
LANI COMBAT MENU 


СЕ Сат Atti tion раса Henu 


Ши» Final attrition date henu is the first 


selection of an option culminates with a 
This 


bet ween 


upon a graphics device. 


opportunity то select the aggre 


forces in combat which displays 


graphics device The same meru is displayad 


combat phases if the user selected 
ship-to-shore or the land combat meru. The 
of the cpticn selected is placed within the 
ES the i1STSA or ILCA 


the 


ав тақ Depsnding u 


rhs 


selected, enue 
the bar 


forces selected. 


prcgram branches to 


Chart sature and āisplays the bar 


Пра о Ге ohe Тола! attrafion 


is displayed for both combat phases 


rj 
+ 
>, 
t- 


(UN) 
e 


ADIRITION DAT 


AGGRESSOR РОЕ 
DEFENSIVE FO 


SORS Ok LAN 
MENU 


“ 

2 
"U 
У 
+3 
O 
п 
ыы 

tH Deg 


ОО Gav OL ТТТЕ 


Level five ccnsists of two distinct menu 


Ship-to-shcrze and land combat phases. 


with the agaresscr forces of both combat phas 


phase has a separate menu due to differant unit 


and if both conbat 
this 


each combat phass Dnases 


mic number or or-ions in disolay could 
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menu tha: 


menu provides tae 
SSor or 


the selected for 


appropriate 


The fi 


a 
graphical disvlay 


C 
BOG con лог 
cie gar. = 


чата menú nat 


S £OS 00 7h she 

rst menu deals 
ев. Each combat 
s enpinyed in 
were combined, 


be as many as 














tweive which is excessive? for a display. The munasical 


y 
value of the option selected from these merus is placed into 
5 


the third element of the two arrays: ISTSA and ILCA. Here 
is the agaressor force menu for the shiv-so-shore combat 
phase. 

AGGRES SOR FORCES 

SHI P=8O-SH0 he COMBAT PHASE 

1. WAVE ONE 

2. WAVE TWO 

3. gouz THREE 

4. ЗА МЕ FOUR 

Ja WAVE FIVE 

бы ДЕ AGOCRESSORS 

Te RETURN TO. TITHE 

РН 

Option number seven provides the cavacilitv to display all 
the aggressor forces on one line graph. Hare 15 the 


agqresscz force menu for Zh 


(0 
pa 
Ш 
cj 
As 
а 
О 
3 
Фа 
Ф 
ct 

"Tj 
bart 
(v 
in 
Ф 
• 


AGGRESSOR FORCES 
LAND COMBAT PHASE 
О ET Ones 
2. UNIT THO 
3, Ul DRE AREE 
U. ALL AGGRESSORS 
Dam TO TINE 
SIPE MENU 


cae Selecticn of option four, the attrition per time 
ЕРЕЕ бот а: aggressor forces is displayed on one line 
graph. 

The second menu deals with the jafensive forces of both 
ссд ра phases. The contents for each combat phase ao 
rent because of the differance between the units іп 
the two combat rhasss. Тп 
selected is also placed into 
and IICA arrays. This len 
tion, as well as the pre 


Ч 
сап опіу select спе of the 
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“һе manner in which the structure of the program was estab- 


lished. The defensive force menu for the ship-*o-shore 
combat phase is disciayed in the following manner to the 
user. 
DEPSNS gVE FORCES 
SAL P=fO-SHORS COMBAT PHASE 
1. TANK | 
2 ATEU 
. АРЕ ВЕМОЕН5 
i RETURN TO TIME 
SES EU 
The defensive force menu for the land combat phase is 
displayed in the following manner to the user. 
Паша о ТУ ВО ЈЕОКСЊ5 
РА МОНЕ ВАР НА Е 
i ИУ ЕВЕ 
ООО Е 
s ONTT SIK 
4. ALL DEFENDERS 
Sc Re CORO. Lars 
STEP MENU 


The selection of options three and fcur in the above two 


(Л 


menus causes the line graph to display all of the defender 
= h 
h 


appropriate section о? the line graph feature and displa 


ct 


(1) 


of that menu. Once the selection is made from any of 


(+ 


POUL Menus on this level, the program will branch to 


(D 


A 


= готсе or forces selected. 
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IV. DISSPLA SOFTHARE 

DISSPLA тетиве" for Display üntegrawed Sofswarz System 
amd Plotting  Lenguege which: is а proprietary  sortware 
product of Integrated Soft ware System,» Corporetion (ISSCO). 
ВЕЕРА is Written іп FORTRAN and is a library cf subrout- 
nes that facilitate data plotting. The software is device 
independent in that a user can debug his plots on a CRT 
terminal and sukmit the finished program toa flatbed or 
о plotter. It is computer independent because its 


Subroutines are tritten in a subset of ANSI FORTRAN which is 


commen to mest medium- and large-scale computers. DISSPLA 
provides many levels of sophistication to the user. The 
user can develof a quick, simple plot or advance tn more 


complex and detailed plots with just a few simple calls. 
DISSPLA possesses a helpful design in that it provides error 
messages which are self-explanatory sentences in English. 
Tt also assists tne user by printing out-of-bounds у 


а 
nd diagnostic riot summaries. Dogg. TOC DISSPLA - Ена 


4. 


сіуеіу 211 that iz needed by the user is a basic knowledge 
of FORTRAN and access to tne user's manual or pock=t guide. 
The DISSPLA software used within the interactive graph- 
ical support prcgram consists of a number cf subroutines 
which produces ttree features: line graph, bar char+, and 
grid map. Bach feature is comprised of different subrout- 
ШЕСЕ БО fuifill its function. РО о the Main program. of 
the interactive graphical support calling one ог che three 
features for displaying their respective product, a group of 
DISSPLA subroutines is called to select the buffer size for 


DISSPLA, to establish the graphic devices for output, to 


select pict scale factor and to set curve thickness. The 
following subroutines ar2 the ones called to perform the 
above functions andi will be dlisted without their parameters 


25 applicable. 
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SUBROUTINE DESCRIPTION 


CALL LRCBUF SELECT LARGE ВОРРЕВ 
CAEL TENGAS ЗЕРЕСІ ӨТЕРПІС DEWICH 


CALL ELCHEP SELECT PLOT SCÁLE BECTOX 
CALL THRKCRY EMPHASIS A LINE BY 
THICKENING 
Once the main program has executed the above subroutines, 
one of the three features 1S processed devending upon the 


Nenu selections cf the user. 
DTSSPLA focuses cn =ће FORTRAN subroutines utilized 


The remaining discussion about 
by bbs 


three features. 


А. LINE GRAPH FEATURE 


Тһе 1: feature of the main 
FORTRAN 


graph dealing 


ne graph program consists of 


Subroutines which when processed displays a lire 


with attrition of forces within the comb 
mater, This feature primary consists of two functions. Т 
Meese Function being the initialization of the plot and the 
Па ос the branching function. Within the initialization 
Of tne plot, a variety of subroutines are 


the line graph prior to branching. These subroutines estab- 


lish the rotation of the plot, page size, physical origin, 
plot area size, end axis 12beis. The following subroutines 
are associated with the iine graph feature and are listed 
without their parameters if applicable. 


SUBROUTINE 


а олно н лт 


CHEL НИЯ ҒОТ SE EECCES P 


COMIC OR MOVIE MODE 


CALL PACE SETTING PAGE SIZE BORDER 
CHEL DHSMSOR ПЕ ТИКИ SICABMORTGCIN 

CALL AREAZD БРЕШЕ Li ОЕ SUBPLOT AREA 
CALL XNAME LABEL X-AXIS 
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SUBROUTINE DESCRIPTION 


CALL YNAMZ ABEL ISAJ IS 

CALL XINTAK ЗЕТУ ОСЕК LABELS ON 
X- AXIS 

CALL YINTAX SPELHETTENTEGER LABELS ON 
Y=AXIS 

CALL KW®WICKS DRAW ADDITIONAL TICK MARKS 
ON TX-AKIS 

CALL YAXANG SET ENGLE OF Y=AXES 

When the nain program has advanced through the above 


ENMDSOu:znes, the program then branches to the correct line 


graph selected by the user. There are four possible 
branches. They are aggressor or defensive unit for 
Ship-to-shore combat pnasé, ог aagqressor or defensive unit 


for land combat rhase. Each branch basically utiiizes the 
same DISSPLA subroutines, but with different parametars for 


each branch. Once inside a branch, the main progran selects 


f 


BED NSpprepriate unit or unizs to display for the user. The 


followirg аге the DISSPLA subroutines within these four 


branches. 

SUBROUTINE ВЕН TION 

CALL GRAF rRIMARY GRAPH SETUP 

CALL HEADIN OEPTNHE GRAPH HEADING 

CALL DASH ACTEVATES DÁASAED LINE 
CONNECTION 

CALL MAFKSR Ss poe. 5 ОБ СТЕЈС CURVE 
Е СВОЕ 

CALL CURVE DRAWS 4 CURVZ THROUGH A 
ЗОВ COORDENAT =S 

CALL YGFAXS SECONDARY Y-AXIS WITH UNITS 

CHEL RESET RESET A PARAMETER/SETTING 
OPTION TO ETS DEFAULT VALUE 

CAIL БАЊЕР, TERMINATZS PLOTTING ON 
CURRENT PAGE 

CALL LECLIN ва ЕЕ СОЧИЕ ТОБТО ЕЕН 5 
TYPE OF LINE DRAWN 

@ALL. DOT ACTIVATES DOTTED LINE 
CONNECTION 


4- 
О 








SUBROUT ING DESCRIPTION 


CALL CHNDOT Br ҮТҰЕТЕЗ СПАТЫИ DOTTED 
LINE CONNECTION 

Cae. CHNUS i КЕТІЖЕТГЕС СНАТЫ DNetU zB 
Dive. CONNECTION 

MAXLIN=IINEST INITIALIZE AN ARRAY TO 
heey s ИРАКЕ р LTNES 

CALL LINES SACK A LINE OF TEXT 

CALL LECEND ВАТ. 5 UT TAE LSGEND 


В. BAR CHART FREATURE 


Шт= pbar chart feature consists of two functional areas. 
The first area initializes the bar chart while the second 
area branchas тс the user selected bar chart. ыма отеу 
area performs the same Eunctens as discussed in the previous 


Sector Under the iine graph relatina to the initialization 
= 


function. This feature doas enploy some DISSPLA subroutines 
which are different then the ones in the line graph. The 
Subroutines are shown beiow. 

SUBROUTINE DESCRIPTION 

BALL ХАЗЕМО ПЕ > LABELS ON 

Ато 

CALL BAEHID SNDIEATES BAR MIDEA 

The second functional area is branching. Hera “һе progranm 


only branches tc the ship-to-shore о: land comba: phase 
pramch. The following DISSPLA subroutines are utiiized in 


the two branches. 


SUBROUTINE DESCRIPTION 

CALL XLABGR KPO ES USER LABELLED 

CALL BLEAR AUTOMATICALLY BLANKS BAR 
CHART 

CALL BAHDOC о 0565 DATA TO BE WRITTEN 
IN OR AROUND BARS 











SUBROUTINE DESCRIPTION 

GAGE BARS PRESENTS DATA IN VERTICAL 
BAR CHART FORM 

CALL GRID DRAWS APPROPRIATE GRID TOR 
ІН 5 CURRENT GRIDeSYST at 


There are additional DISSPLA subroutines utilized in this 
functional агег, but they have been covered in the line 
р 


h feature and are not presented again. 


С. GRID MAP FEATURE 


The grid mar feature does noc consist of any braching 
requirement, thus the main program when it enters this 


Feature sequentially executes each line of FORTRAN code. 


There are a number of DISSPLA subroutines utilized in this 
feature which have been discussed in the line graph and bar 
Chart features! section. Thererore, these DISSPLA subrcut- 

to the 


ех ц > 
ines are only listed for the user who can refer back 
viou 


S Sections for a description of them i2 needad. 


DISSELA SUBROUTINES 
CALL HW ROT CALL XENMAX EN AX 
CALL ARFA2D CALL YAXANG CALL XNAME 
CAIL Y NAME СД ES CALL HEADIN 
CALL GRAF CALL MARKER CALL CURVE 
БАШ LECEIN MAX LIN=LINEST CALL LINES 
CALL LEGND CALL YGRAXS CALL GRID 
CAM RESET CALL ENDPL 


шинто Јоч:па 15 а list or the new DISSPLA subroutires which 


are utilized within the grid map feature. 
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NEW DISSPLA SUBROUTINES 

SUBROUTINE DESCRIPTION 

CALL Yewreks TICK MARKS ON Y-AXIS 

CALL HEIGHT SET REFERENCE CHARACTER 
HEIGHT IN INCHES 

CAIL RLINT PLOT AN INTEGER NUMBER 

CALL BLFEC CREAT A NON-TILTED 
RECTANGULAR BLANKED- 
OUT AREA 

CALL MESSAG WRITE A SINGLE STRING 
OF Taig 

CANL SCIPIC SCALES CURVE MARKER 
SYMBOLS UP GR DOWN 

CALL XGFAXS SECONDARY X-AXIS WITH 
UNITS/DI VISION 
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У. ACCESSING AND EXECUTING THE MODEL 


The user who Wishes to access and execute the small-uni* 
amphibicus operation combat model and the interactive graph- 
ical suppert procrams must first contact Professor James б. 
Tayior cf the Operations Research Department. The user will 
obtain from Professor Taylor the user identification (1D) 
number and passwcrä for the disk space cortainina he above 


Menticned prograts. 


А. ACCESSING THE MODEL AND SUPPORT PROGRAM 


фи 
rt 
(+ 
(0 
ty 


O 


The Following sequence іс followed by the user 
n 


obtaining the user ID number and password 


Ul 
.. 


ШЕ Жос сп. ес Моше ОП disk space- | 
2. Enter *nto the CAS mode ort operaticn. 
БЕН пешке сла сто: аде 2128.14; ir not, 
по Ев STOR IM. 
4. Execute the foliowirg commands: 
LINK TO (USER ID ) 191 AS 192 RE 
FASS WORD 
ACCESS 192 B/A 
COPYFILE WAk1 FORTRAN B = = А 
COPYFILS GRAFIT FORTRAN B==A 
COPYFILE SEA] DATAB = = А 
COPYFILE LAND FORTRAN B= =A 
COPYFILz BS EAT FORTRAN B= = A 
COPYFILE BLAND FORTRAN B = = A 
COPYFILE MAR EXEC 6 = = A 
fois 192 (DET 
NOTE: USER ID,refers to the one the user 
1s provided py Professor Taylor 


A copy cf the fcllowing files is what +he user receives on 


ВЕНОК space: 


ЈЕ 


Јо 


ADS 

D ER - Smail-Unit Amphibious Opration 
Combat Model program. 

2.  GRAFIT - Interactive Grephical Support 
огодгаћ. | 

Ы: SBAI - Datā sez for the ship-to-shore 
combat vohasé (Appendix 3). 
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FILE 


In 


HU. ALANI = Dubia Secu ror the lend cogoat 
nasse (Appendix В) 

5:7 8581 = Blank data set fcr the ship- 

to-shore conbar phüse 

| TU E B _ 

6. BLAND - Blank deta ser for the lama 
compat phase (Appendix Е). 

y. ИМЕ = бош ууе”отссгат (Appendix ер. 


Due to the coded length af tte computer programs oí the 
small-unrit ampaitious operation combact model and interactive 


роса: support, these two computer programs were nor 


meerodiced for inclusion Within this thesis. А user шау 
эр а printed copy of these programs orce he has the 
programs residing on his disk space. 
В. EXECUTING THE MODEL AND SUPPORT PROGRAMS 
There are basically three ways to execute the model i: 
conjunction with the support prograr. Ка вене ene User cas 
type the executive program name, Wien pita Zo $738 data 
SCC1d, ЕР 


ser provided by SEA1 DATA and LAND DATA files. Secc 

the user wishes to invoke ons of the ortions avaiable within 
the data set or elter a specific slement of them, the u 
needs to  XZDIT the SEA1 and LAND data files replacing the 
cld with the new input data value. ШЕП, СЕ he wishes со 
replace the entire data set, ne would then utilize the В 

and BLAND data files to construct tne пем data set. Before 
the user can use the new data set {ro 


m 
way above, he must first XEDIT the WAR1 EXEC file replacing 


SEA1 and LAND with BSEA1 and BLAND within the file d2fini- 
Ми part of the efecutive program. After cConpleting the 
XEDIT function, the user types WAR1 tc begin “he ехеситтоп 


process. 
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Е. СИЕСКЦТ5Т 


When executing ithe interactive graphical support 
program, there is a requirement for empleying пр tec thre 
Girferent types cf computer hardware. The Checklist listed 
пе follcwing pege provides the information for utilizin 
an IBM 3277 terminal and keyboard, Tektronix 618, and 
tr oenix 4631. 
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(5) БЕІН “"апештва LISTING". 
(6) EXIT THIS EXECUTIVE PROGRAM. 


ID SNUWADICONTOUBSGLIN Tie EXECUTION 
ОЧОР ПИО ЕВИ 5 ХЕЕЕ 
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VI. EXPECTED OUTPUT 
The user of the small-unit amphibious operation combat 
Model and the interactive graphical support prcg-am can 
expect to receive or view three types of output. Two of the 
types d2al with alphanumeric characters and one type deals 
with grephical cutput. Each type is discussed under the 


orogram which gererates that type of output. 


А. SMALL-UNIT AFPHIBIOUS OPERAION COMBAT MODEL OUTPUT 


The small-unit amphibious operation combar nodel 
produces an alphanumeric character tyre of output. There 
are two forms of the alphanumeric character typ produced by 
this model. These two forms are contained in tne modelts 
ШОП report. Ше паше orn which comprises тсе firs. 
portion cf the  model's output report for each compat phase 
is the initial information providing һе user feedback on 
the user supplied input data. The second form whica 


comprises the rarainder of tne model's output reporti is the 
Ee summary providing attrition data and cther force 
informaticn at speified time step ог steps. Appendix D 


depicts an example of the model's outout report. 


Be INTERACTIVE GRAPHICAL SUPPORT OUTPUT 


Sad 


ct 
bh 
b 
j- 


The interactive gravhical support produces the 


ER ос операи: graphical. Ine us ОЕ сисоц» Tequizes 


pu 


\ 


~ 


graphics device for viewing. Ihe types of devices available 
r 


Monee Vlewing the graphics output are Tektronix hara copy 
printer and Versatec plotter located in Ingersoli Hall, ссса 


189 or the Versatec plotter located within The computer 


center in Ingersoll. There are three types of graphical 
output generate by the interactive graphicai support 





progran. The "ETE types danes which dis 
Berrsdcteon of force(s) per time step. The second ty 
ШЕР сратт which displays the artritien of ferces (ie 
aggressor or defensive forces) at the termination of th 

battle. The firal type is the grid map which devicts the 


= E dz ia id syste WiSMaOUT eM 
Fulda Gap area utilizing a grid system w1:nou ontou 


lines. Шар displays che initial 4осаттоп cf £orces, 
avenues of apprcach of the aggréssors, and primary and 
alternate firing positions of the defensive forces. Each 


unit is devictec by a tank symbol, and “the primary and 
alternate [iring positions by appropriate crescant Graw 
An example of each type of graphical output is illustrated 


in Appendix D. 
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2. Subroutine CLEA! 


Subroutine CLEAR provides a means for the user to 


(8 


clear the screen whenever the appropriate prompt is 


d:spiayed. The prompt to the user is showr below. 


PRESS THE БІ БЕКЕТ ТО СОНГ ЕН Е 


The subroutine accepts the press of the enter key and calis 


ИЕТІН CHS svtbroutine built into the CMS librarv «which 


(Л 


as 


th Ui 
(+ 


clears +he screen. The call to the subroutine 
as: CALL FFTCES ('CLRSCRN '). Upon cle@arirg 9s 


iD 


á 


+ 


SCT 2er, the subroutine returns control to the program where 


it was involked. 


3. BLOCK DATA 


BLOCK DÀTA is a subprogran used to initiaiize varia- 
bles which are part of a labeied (1.2. named) common block. 
This subprogram has to be the last subhprogram within а 
ПОШТЕ procrám to werk properly. By labeled is meant, a 
group of variables is referred to bya single папе апа 
placed into a ccmmon location for accessing and storage. 


Here is en example cf a common block. 


GOMMON /PASSI/KSORARD, DECIME, INTEGR, YES 


In this example the wcrd PASS1 := the labeled name for the 


common block. 











В. INTERACTIVE CRAPHICAL SUPPORT PROGRAM 


The interactive graphical support proqram consists of a 
mein program 2nd seven subprograms. Three of the 5 
subprograns have been discussed іп the previous section 
which are subroutine ANSWER, subroutine CLEAR, and subpro 
gram BLOCK DATA. The functions of these subprograms are the 
seme as discussec above. Therefore, these three subprograms 
are not discussed in this section. This section discusses 
she main program and the remaining subprograms that comprise 


БИЕ SUPPCEt progran. 
\. Main Ргосгай 


Th= main program is the beckbone of the interactive 
graphical support progran. nales а а zing ат 
declaring cf arrays and variables, inputting of déta from 
the smail-unit amphibious operation comba* model, dispileying 
Sere 2Etrcduction to the screen, and branching to 
meen, bar chart, or grid map feature. The main 
interfaces with the user by displaying certain stateme 
quering the user for responses which are the branching 
Ио тога for *he main program to react upon. The main 


program takes these braching instructicns, branches to the 


apprcpriat grarhics feature, and displays the desired 
feature on the graphics jievice. This process continues 
until the user decides to 2xit the nain progran. Ao 


о 
ага during the interfacing with the user, the main program 
s t 


Menezes subpragrams to Facilitate in performing it unc- 
pons. There аге three subprograms which are identical io 
the three previotly discussed in the above section and will 


not be discussed again in this section. They are subroutine 
ИМЕН, Subroutine CLEAR and subprogram BLOCK DATA. The 
remaining subprocrams utilized by the main program will be 


discussed in alhpabetical order 
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2. Subselw m INITÀL 


Subroutire INITAL determines from amoung the arrays 
пише by the subroutine INPUT Which @mcunt of the a*~trition 
data is te Ъе Кен. Due to the limited size o 
area within the line graph, not all cf the attrition data 
can be displayed. Thus, this subroutine сет и“ јез трае 
ШЕБІ оп Of attrition data that is to be used in the 
display. The criteria cf the selection process relating to 


he attrition data follows: 


If the rumber of time stens 15 greater thar 
S ept every Courtin даса роітгт. 


ТЕ the number of time steps is greater t 
5 and less than ог equal "OI, accep 
every second data point. 


w D 
(Л) 


If the number of time steps is :: 
equal to 25, accept every data 


This sélection process is also associated with 46 2 
the x-axis label (і.е. time step) on the line graph, so tha 


the data and the time step match each other 


3. Subroutire INPUT 


Subroutine INPUT accesses the output data of the 
sm211-unit anphitious operation combat motel from “he user's 


disk space. The input data are placed in appropriate data 


n 


structures for further processing and analysis within + 


main prcgram. 


ine PICTUR 


ӘБЕС те ӘТСТИН іа DISSPLA subroutine which 
draws a user defined picture. This subroutine produces 
three types of symbols utilized in he grid map displav. 

rex 


symbol is the unit symbol wnoich is а tank. This 
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Exabol is placed on the initial location of each unit and 
5 


subsequent locations if movement 


3 


t eater than two-bundre 
Ее from the tnitial” location. If т dcs move 
further than twc-hundred meters, the new location becomes 


е 
E AA ad  lkocaticn for T urthe 


r comparisons. The second 
syaboi is the primary firing position symbol which is а 
crescenz shaped sciid line. The final symbol is the alter- 


= 


nate firing position symbol which isa crescent 


(Л 

S 
п) 
) O 

(D 

As 


dehed line. 


24 


Б гарсыоп УА 





МА 


Function VALMAX is a свгај Ечпстшоп whcse indut parameter 
is an atray and cutput velue is the maximum value witnin the 


inputted array. 
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The definiticns of variables аге discussed accordira to 
which program tte variable is utilized in. This section 
consists of two sections with the first section dealing with 
the variables acded to tn2 smali-unit amphibious operation 
combat model for this thesis, and the second section dalina 
with tne variables within the interactive graphical support 


program. 


A. | SMALL-UNIT APFPHIBIOUS OPERATION COMBAT MODEL 


The below listed variables for the small-urnit amphibious 
Operaticn combat model does not represent the erti 
ables. The variables listed are the ones a n 
at model for this thesis. Dou сељани listing oT ine 
Ering veriables of the combat model refer to Appe 


шп VII OL Crites' tn2sis. 


COMBAT MODEL VARIABLES 


NAME DEFINITION 

DECIL REAL VALUZ RETURNED BY SUBRSOUTIWZ 
ANSWER 

Gr SUR ARRAY WHICH CONTAINS VALUES OF 
ATE RETEON SOR EACH FORCE AT THES £SNAL 
TiME STEP DURING LAND COMBAT PHASE 

GNPTS Евро зЗач тт ин ЧАРИЕ ОР ТЕР TOTAL NUM- 
pM Oe рад РИС 95 THAT THE MODEL 
HAS PROCESSED THROUGH 

GTSUR ВЕН СО ТА УЧ С TUM; VALUE Or THE 
ATTRACTION O SEET FORCE PER TIME STEP 
DURING LAND COMBAT PHASE 

ВЕСТ INTEGER VALUE OF "BEGIN LAND COMBAT 
ТШЕ" 

ПВО INTEGER VALUE OF "END LAND COMBAT 
TIJE" 

ие I INTEGER VALUES OF "ZND SülP-TO-SEO2 
TINE” 

INTEGR INTEGER VALUE RETURNED BY SUBROUTINE 
ANSWER 
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SUNIT 


Daun? Sin» 


1516 


FOR LAND COMBAT PHASE 


Tie STEEP SPOR SHEP -TO-SHOar 


FLAG USED 


PHASE 


МС о а а NOUIDAEN E "GROUND 


STO 


XCK 


REIN) 
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er OM ERACTIVE GRAPHICAL.S UPPORT PROGRAM 


The variables which are common to tne interactive graph- 
МӘН! support ргодгай areae listed first. The remaining 
variables within the proqram are listed under hesir respec- 


tive subprocran. 


COMMON VARIABLES 

NAME DEFINITION 

DECIML REAL VWLUE RETURNED BY SUBROUTINE 
ANSWER 

ATGM ARRAY ЯПІСП CONTAINS PERCENTAGES OF 
INITIAL UNITS REMANINING OF ATGA UNIT 

ATGMA ARRAY WHICH CONTAINS PERCENTAGES OF 
IER ГАБОН Ен ТЕСНО OF ATGA ОКТТ: 
CCPY OF PREVIOUS ARRAY 

GATA TIME LAND COMBAT PHASE BEGINS 

GASUR ARRAY WHICH CONTAINS VALUES Of ATTRIT- 
ION FOR AGGRESSOR O ICES АШ FINAL TIMEZ 
STEP DURING LAND COMBAT PHASE 

GDSUR АКЕ АЛТИ СОН CONTABNS VALUES JF ATTRIT- 
TO FOR DZ ENSIYE /ORGES AT ZINAL TIME 

ӨТЕР DURING LAND COMBAT PHASE 

GNPTS REPRESENTS THE VALJE OF THE TOTAL NUM- 
ВЕК ОК АО ТМ. STEPS THAT The) MODEL 
HAS EROCZSS5S50D THROUGH 

GTSX ARRAY 4H ICH CONTAINS X-AXIS VALUZS OF 
TIME SIZES iN LATO) СОВВАТ PHASE 

INEO INTEGER VALUE OF "BEGIN LAND COMBAT 
TRAD 

MEET DE VALUE OF "END LAND СОЧВАТ 
TIME 

TESST INTEGER VALUS OF "ZND SIIE=-79-5 10328 
TIME! 

THCa ARRAY WHICH CONTALNS MENO SEL<CTIONS 
BOR LANO™ COMBAT РНАЗ е 

ІМТЕСЕ INTEGER VALUE RELURNED BY SUBROUTINE 
ANSWER 

ES ES A ARRAY WHICH CONTAINS MENU SELECTIONS 
FOR SYHI?-TO-SHORE COMBAT PHASE 

K RELPRESEN TS THET SCALE- FACTOR OF THE 
ATTRITION IN THe LINE GRAPH 
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PENDIX 
А 


T DAT 


jou 


P 
INPU ЭЕТ 
for the 
LNMERACTITYE GRAPHICAL SUPPORT 
and | 
ВИАС ОЕТ AMPHIBIOUS OPERATION COMBAT MODEL 


Due to the nature cf this thesis, chere exists two inpu 
data sets. The first input data set are associated with the 
smali-unit amohiticus operation comba* model. The second 
input data set are associated with the interactive qr 

а 


а. 
support. Each data seł is discussed sepvarately and followed 


а 


rh 


Mts computer fije listing. 


A. SMALL-UNIIT AMPHIBIOUS OPERATION COMBAT MODEL DATA SET 


The small-un2t amphibious Operation combat model 
requires data for each of the two phases of combat. The 
input cata for these combat phases are listed in the SHEA 
DATA file for the ship-to-shers combat phase and in the LAND 
DATA file for the land combat phase. Also available to the 
user is a blank file for both of the combat phases which are 

1 DATA file for the ship-to-shore combat phase anc 
the BLAND DATA file for the land combat phase. The two 


biank data files are utilized when the user wishes to input 


a totaliy different data base for the model. IZ the user 
wants to change cniy a few of the input data items, ne would 
utilize the complete data files. The four iles iist the 
dJeéscriptive name along side of the input data item providing 


the user a means of associating the input data item with 
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their respective input variable. ПР собу om eaeh of thes 
ИО Е паша files follows In the order ct SEAT, LAND, 35EA1, 
and BLAND. 
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В. INTERACTIVE GRAPHICAL SUPPORT DATA SET 


The interactive graphical support program requires 
specific data from the smali-unit amphibious operation 
combat model. Upon execution of the combat modei, the data 
needed for the support program are found on various files. 
The names of these files are associated to a deqree with the 
type of date within then. A brief axplanation of each fils 
foliows with n example of each file presented after tha 


Hue cUscuoon of ali thè files. 


1. ALTCORD Cutput File 
ALTCORD cutput fue contains the ceoordinates of the 
alternate firing positions of the defensive forces іп the 
ud combat phase. Thera are two columns in the file with 
the left column representing the x-axis coordinates and the 
right cclumn rerresenting the y-axis coordinates of the 
positions. Each row represents a defensive unit (i.e. row 1 


cert 8: row 2 - unit 5; row 3 - unit 6). 


ОЕ оО росе lists the attrition at the 
шиш па- топ ок the battia for ali the units in the Land 
combat phase. The first row repre 


and 4 while the second row represent 
3. FINALSEA Output File 


ПИ а Еш ЕР 


FINALSSA output file has the same function es the 
h 


previous file  excep- the values in this file are for the 
units involved in the Ship-to-shore combas phase. 
Presently, there are seven units in this phase. Thus, the 


numbering sequence for the ‘first гон represents wave 1 
thrcugh wave Y and the second row represents wave 5, tank, 
and ATGM. 
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U; IGRÁF Dáte File 


ТОКА“ сања file consists of ооа 


. 
iem 
tD 
а, 
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№» 
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(D 
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(v 
(1 
p? 
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тө 


МЕ step, total ti 


j— 


m 
oe time battle. Dach Ма: ТТ тата File Ys lis=sd wath a 
V 


Meeeription of it. These riables are used in the line 
Cur 


graph and bar chart fea 


ES LYATAT Number File 


IVATAT number file contains the LVA, tank and ATG“ 
numbers assigned to these forces by the user in the SEA! 
data file. These numbers are utilized to establish the 
secondary y-axis labels on the line graph for the ship-to- 


shore combat phase. 


one 


+3 


OTALGRD Qutput 


т] 
II 
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= 
— 
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ШОТАПСЕ ПО оц оц ілге соптаірге the attrltion pezcen- 
tage per time step remaining or sach unit within the land 
combat phase. These percentages are utilized to provide the 


y-axis values for the line graph fo 


t1 


tne Land combat phase. 


ГЕ 2OTALSEA 


О 
= 
ct 
а 
e 
а 
(rj 
||-!• 
=> 
| 


TOTALSEA output file contains the attrition percen- 
taqe рет time step remaining c= each unit within the 
ship-to-shere combat phase. These pezcentages provide the 


same usage as exrressed in the previous section. 


S. UNITS Number File 
ПОО пипвег Lirie Conta ns спе inicial uniz surength 
of each unit in the land combat phase. These numbers are 


used to establish the secondary y-axis of the line graph for 


the land combat phase. 
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9. XCORD Output File 


Бок ро е бо аб Пи какъв ccordinate 
value per time step cf each unit in the land combat phase. 
These ccordinates in conjunction with the y-axis coordinates 
are utilized to determine the location for placing the 
center of the urzit's symbol: tanx. Ашо атола ly, these 
coordinates determine the location посете pro mary Sirin 


і 
ШОО Оп symbol cf the defensive forces' units 4 through 6. 


10. XCORD Oxtput 


ны: ош ыы ш= EE 


{т 


0 


ЈЕ 


~ 
=== 
— 


T CORPU pU ќала 215 the other haif of the coordi- 


nate system needed +c determine the locaticn of each unit. 
This file and the XCORD output file together provide the x 
и соогалласег= útilized 5n the qrid тар for various func- 


EDS as discussed in the previous section. 
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APPENDIX C 


LE E dili ль ee А eee 


EXECUTIVE PROGRAM 


ror the 
INTERACTIVE GRAPHIZCAL SUPPORT 
and | 
A SWMALL-UMT АШРПТВТОО5 ОРЕВАТТОМ COMBAT MODEL 


The executive ргсагаш, WARI EXEC, is designed to previd 
an interface between the small-unit amphibious operation 
combat model and the interactive graphical support p m 

wit 


The sequence of events hin the exacntive program are: 


lg Compile the small-unit amphibicus oper- 
ae cn повез end the interactive support 
programs. , | 
ОАЕ тле Stings of the wo programs. 
3. Establish the file definitions required 
ror the wwe programs. 
4. Loac and execute the model. 
ое ПТ ОА EXEC Hich Toads -and ex- 
ecu tes the interactive graphical support. 
6. Print the battis summary contained in 
АЩШВЕТВ 1 WEISTING cales. | 
7. Browse the AMPH1IB1 LISTING file. 
8. Exit when the user is finished. 
The executive program provides the user with a display ot 
the above sequence cf events after he types in НАйТ. ВЕ 


reading the above sequence of events and pressing ths enter 
Key, the executive proaran begins the first event above. 


This event compiles thea smaii-unit amphi 


О © 
¡3 


combat model first, and upon completion of c 
executive program starts to compile the interactive qraph- 
mea] SUDpPOrs program. When this compilation is completed, 
the executive prcgram erases the two listings generated by 
the compilation process because of the percentage of disk 


* 


space consumed by these listings. Phe next event accesses 
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precompiled libraries and establishs the defanitions of 
files required by the two programs. Thes? files are 
required for e¢éch retrieving and writting data. 3509 


completion cf this event, the executive program 10245 and 
start the small-unit amphibious operation combat model. 
When *he model has completed its A ч the executiva 
procram queries the user regarding whether or not he wishes 
to тип che interactive graphical “support proaran. I£ he 
does, DISSPLA EXEC is accessed which loads and starts the 
program. zt he does not, the executive program branches to 
the next query regarding the printing cf the battle summary. 
Again the user is asked to respond to a question, this time 
determining whether he wants a copy or the battle summary. 
Once the user decides, the program will seither print the 
battle summary or branch го the next query. The nex- qu 
ls the seventh event which also questions the user regard 
whetner he wishes to examine the AMPHIB1 LISTING. 0 
ENEEu--on of the user's answer, theae firal event is qu 
НО che user íf he wishes то exit the executive progr 
or Zun the model again. Depending upon the answer, ths 
executive rogram will either continue the processin os 
1 al 


everts peginning with number three or termina the execu- 


D 


m foilows on 


B 


m 
5іуе crogram. A listing ок the executive p-og-z 
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FILE: WAR? EXEC À NAV RL POSTGRADUATE SCHOOL 


СТКАСЕ 
* TITS EXEC SILLZPEBTORS DHE ZOLLOWING: 
ж 1. COMPLIE HART ANI GRAFIT" FORTRAM PROGRAMS 
* 2. ERASE "WAR1"”" AND "GRAFIT" LISTINGS 
* B FILEDEF APPROPRIATS FILES FOR THE TWO PROGRAMS 
* Ц. LOAD AND START "WARI! PROGRAM 
* 5. ACCESS DISS2LA EXFC TO LOAD AND START "GRAPIT" PROGRAM 
* 6. PRINT AMPHIB1 LISTING 
ж 7. EROWSE THE AMPHIB! LISTING 
* 8. EXIT EXEC WILL USER IS FINISHED 
* 
EBEGTYPE -ENDTELL 
THIS EXECUTIVE PROGRAM MILL : 


ie COMPILE TWO FCRTRAN SOURCE PROGRAMS - 


"HARI" AND "GFAFIT" USING THE "FORTGI" COMPILER 
Zo ЕКШСЕ THE MIRA El" AND "GRAFIT" LISTINGS 
. DEFINE THE FILES REQUIRED FOR THE THO PROGRAMS 
4. LOAD AND EXEC(TE THE "WARI" PROGRAM 
„ ACCZSS DISS P LAY WHICH WILL LOAD AND EXECUTE 
THE "GRAFIT" EROGRAM 
6. PRINT BATTLE SUMMARY CONTAINED IN "AMPHIB1 
LESS PILE 
7. BROWSZ THE "АУРИТВ1 LISTING" FILE 
. EXIT WHEN USER IS FINISHED 


- ENDTELL 
&BEGTYFE -PRESS 


.. PRESS ENTER TO CONTINUE **** 
-PRESS 
GREAD VAR 
CLRSCRN 
= COMPILE THE TWO PROGRAMS 
SSEGTYPE -ENDCP1 

e... COMPILING OF "WAR" PROGRAM DEGINS о... 

= ЕМОСР 1 
FCRTGI WARI 
EBEGTYEFE -PRESSI 


кже» PRESS ENTER TO CONTINUE **x* 


EPHESS 1 
EREAD VAR 
ERASE WARI LISTING 
CLRSCRN 
&BEGTYPE -ENDCF2 
.... COMPILING OF *GRAPIT" PROGRAM BEGINS .... 
-ENDCP 2 


FORTGI GRAFIT 
GEEGTYFE -PRESS2 


ae PRESS ENTER TO CONTINUE **** 


2 
VAR 
Die ЕГІ LASTING 
DASS EA UP 


«oo. WARI FORTRAN ERO 


GRAM IS BEING LOADED .... 
ewes EXECUTION RWI 


RA 
LL SOON FOLLOW .... 


= 21 UP 
-A 


* 
Ў SET UP PILE DEPINITIONS PCR TRE TWO PROGRAMS 
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FELE: WARI BREC А NAVAL POSTGRADUATE SCHOIL 


GLOBAL TXTLIB FORTMOD2 MOD2EEH IMSLSP NONI MSL CNSLIB 
BIPEDEF 0! DISK TOTALSEA OUTPUT (РЕКИ 
Mierke 02 DISK FINALSEA OUTPUT (PER 
EILEDEF 03 DISK TOTALGRED OUTPUT (РЕНЕ 
FILEDEF OW’ DISK FINALGRD OUTPUT (PERM 
ELEEBER 05 DISK SEA! DATA 

FILEDEF 06 DISK AMPHIB1 LISTING 

ELLEDEF 07 TERE 

FILEDEF 08 TERM 

BILEDEE 09 DISK LAND DATA 

BELEDER 32 DISK IGEAF DATA Re 

Peeper 33 DISK LVATAT NUMBER (FERM : 
FTCEDEF 34 DISK UNITS NUMBER FERM 
ЕШШЕЙЕР 35 DISK XCORD OUTPUT (PEFRM 

ШЕНБЕВЕЕ 36 DISK YCORD OUTPUT (PERM 

ДД БР 37 DISK ALTCORD OUTPU (PERM 

3 LOAD AND EXECUTE THE "WAR 1" PROGRAM 
LO AD WAR1 ( START 


EBEGTYPE -WAR 
**** THIS CONCLUDES THE WARÍ PROGRAM  **ux 


-WAR 
DHEGTYFE -PRESS3 


"ERES PRESS ENTER TO CONTINUE бетже 


-PRESS3 
EREAD VAR 
* ASK USER IF WISH TO EXECUTE "GRAPIT" PROGRAM 
« IF YES, ERAYCH TO -B TO EXECUTE THE PROGRAM 
. IP NO, ERANZH TO -C TO QUESTION USER AGAIN 
CLRSCRN 
EBEGTY PE QUESTA 

DÓ YOU WISH TO EXECUTE "GRAFIT" PROGRAM? 

ANSWER Y CR N 
-0025Т1 
SREAD VAR GANS 
SIF sEANS = /Y 6G)TO -B 
EGOTC -C 
ЕНЕСІН <СВН 
EXEC DISSPLA GRAFIT 
ECUCIRSCAN 
* QUESTION USER IF HE WISHES TO PRINT CURRENT VERSION OF 
z "АМРНТВ1 LISTING" FILE WHICH CONTAINS THE "BATTLE SUMMARY” 
+ ТР YES, ERINT PILE 
4 IP NO, EFANCH TO -u 
EBEGTYPE -QUESTZ 
AMPHIB1 LISTING FILE CONTAINS THE BATTLE SUMMARY 

OF WAR1 PROGRAM. 

IF YCU JISH TO RUN THE MODEL AGAIN, THE CURRENT 

BATTIE SUMMARY WILL BE WRITTEN OVER. 

DO YOU AISH 


TO PRINT THE CURRENT "AMPHIB1 LISTING" PILE? 
ANSWER Y OR N 
БӘБЕ5Т2 
EREAD VAR EANS 
БІГ /6АН5 -- /Y ESOTO -р 
PRINT AMPHIB1 LISTING 
CLRSCRN 
&BEGTYPE -PRINT 
.... FILE ENTERED INTO VM PRINTER QUEUE .... 
EI e... AVAILABLE POP PICK UP SHORTLY .... 


&BEGTYPE -PRESSU 
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FILE: WAR! EXEC А NAVAL POSTG2AD UATE SCHOOL 


eke PRESS ENTER ТО CONTINUE See 


ZPRPSSÓ 
EREAD VAR 
=O CLRSCRE 
EBEGTYPE ne 
DO YOU WISH TO BROWSE THE "AMPHIB LISTING" PILE? 
ANSWER Y OR N 
QUEST 3 
EREAD VAR EANS 
БІҒ /БАМ5 -- /Т 55070 -Е 
BROWSE AMPHIB! LISTING с 
* QUESTION USER IF HE WANTS TO RUN MODEL AGAIN 
* LB YES, PRRAUCH. TO = 
ш IF NO, EXIT EXECUTIVE FILE 
ZE CLRSCRN 
EBEGTYPE -QUESTU 
DO YOU WISH TO EXECUTE THE MODEL ("WA21" PROGRAM) AGAIN? 
ANSRER Y OR NWN 
ZOUESTU 
EREAD VAR GANS 
SIF /&АН5 = /Y EGOTO -A 
CLRSCRN 
EBEGTYPE -END 
eeee THIS CONCLUDES THE EXECUTIVE PROGRAM .... 
LN GOOD DAY o. 4... 
-END 
&EXIT 





APPENDIX D 


MODEL AND GRAPHICS OUTPUT 


Zor the 
INTERACTIVE GRAPHICAL SUPPORT 


and 
A SMALL-UNIT AMPHIB1OUS OPERATION COMBAT MODEL 


The output generated by the small-unit amphibious opera- 
tion combat model and the interactive graphical suodport are 
two different facets of computer science. The model's 
output is @ computerized output consisting of alphanumerical 
characters, whereas the support program's output d¢ais witn 
graphical representation of data generated by the model. 
Thus, а üuricue ard supportive analysis of the input data is 
ШУ Дес with the utilization of both forms of output. The 
user is better akle to visualize and analyze the output data 


би с 5 combination of ou tputs. 


А.  MODEL'S OUTPUT 


The smali-urit amvohibious operation сопрат model's 


output is a computerized listing consisting of aiphanumeric 


characters. This cutput reports cn each phase of combat 


Each phase!s output is broken down 


j- 
ct 


S 
а 
n ЕСІ pal =: The 
h 


O 
ich is a representa- 


th 


шосе Pest 5s the znitíal information 


ct 


ЕН гертіп јин = 


Fh 
О 


Se ОТ пе input дата. Тпе purpos= 

to act as a record of the scenario that the model analyzes, 

and as a check for the user to verity that tne data were 

inputted correctly by the program. The second part is the 

battle summary where the deteii or this parr is determined 
ps S е 


by “he user. Pepending upon which о 
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the batile summary is produced for each time step or for the 


G U a 


final time step. The battle summary reports on the status 
of both the acgressor and defensive forces during the 
battle. The exampie of the output which follcws is based 


upon the input data listed in Appendix B. 





“= INITIAL SHIP-TO-SHORE PHASE INPORMATION ** 
INITIAL PCRCE STRENGTH 
WAVE 1 2 4 
LVA 25.0 20.0 15.0 10.0 5.0 
DEF. TANK ASSETS = 10.0 DEP. ATGM ASSETS = 10.0 
LVA ENGR SPECS 


SPDMAX  SPDMIN HTMAX HTMIN _WID 
40.00 10.50 1.70 0.60 2.53 
DEPENSIVE TACTICAL PARAMETERS 
RANGE AIM-RELOAD EROJECTILE 
MAX MIN TTAF VELOCITY 
TANK 1500.0 15.00 350.00 
ATGM 2000.0 200.0 30.00 350.00 
DEFENSIVE TACTICAL ALLOCATION WEIGHTS: 
WAVE 1 = 2.00 WAVE 2 = 1.9 
DEFENSIVE FORCE ATTRITION COEFFICIENTS 
ALPHA*A ВЕТАЖА 
DT 0.00006 0.00070 
DS 0.00008 0. 00090 
ERBED PTRE ATTRITIONSRATE COEFPICIENTS POR 
| EFENSIVE TANK AND ATGM ASSETS 
WBETA(1)20.00050 WSETA (2) =0. 00070 


BREAKPOINT ASSUMPTION: Q.3* (TOTAL DEF FORCE) 


DEFENDER ATTRITION LEVEL ALLOWING FOR LAND COMBAT 
0.32* (TOTAL DEFENDER FORCE) 


ARIM SUP FACTOR= 50.0 ERROR SUE PACTOR=100.0 
DISPERSION DATA 


RANGE TSIGV RANGE TSIGH RANGE TMEANH 
‚25.0 C.0 23150 0.0 25.0 0.0 
500.0 2.0 500.0 2.0 500.0 1.0 
1000.0 5.0 1000.0 5.0 1€00.0 5.0 
2000.0 20.0 2009.0 20.0 2400.0 10.0 
5669.0 ZE 05009. 25.0 250040 15.0 
10000.0 25.0 10900.0 25.0 10С(00.0 15.0 
RANGE SSIGV RANGE SSIGH 
25.0 (.0 25.0 0.0 
250.0 5.0 250.0 5.0 
500.0 dom 500.0 Us 
1000.0 14.0 1000.0 14.0 
2590.0 О 15.5 
5000.0 17.0 5000.0 17.0 
10000.0 20.0 10000.0 20.0 
CURRENT STATUS OF WAVE I VARIABLE DEFINITIONS 
О = NOT ENGAGING 
1 - LANDED 
2 = UNDER FIRE 37 АТОМ 
3 2 ІШШЕН Eine BY TANK 
ü - UNDER FIRE BY BOTH ATGM 6 ТАНК 
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ченее THES SHIF-TO-SHORE РНА5Е ВЕСІ 5 %%%%8 


BREAKPOINT REACHED AT TINE = 445.0 SECONDS 


TIME= 445.1) SECONDS 


WAVE PORCH LEVEL STATUS LOST-PCT TOTAL SURVIVING 
1 19. 0060 1 0.240 
2 17.0000 1 0.150 
3 13. 0000 1 0.133_. 
y 10. 0000 2. 0:0 
5 5. 0009 0 0.5 64.09 
ТАКК 0.0 1.090 
ATGM 0.0 1.030 0.0 
FINAL LVA SURVIVORS ASHORE= 64.000 
LAND COMBA STARTS WHILE SHORE COMBAT IS GOING ON 


LAND COMBAT ATTACK TIME= 440.0 SZCONDS 
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$+ INITIAL LAND COMBAT INFORMATION %% 


LOCATION 


> 


>< 


UNIT 


оооооо 
* e 9 ое 9 е 
оОооооо 
С ОООО О 
Nyr-rmm 
"осе 


СООООСО О 

• o 0 е % • 
оососо 
О ООО О О 
OMIM оО 
ON Y (mm) 


"МС 27 ша МО 


STOCHASTIC 


ROUTES DETEAMINED 37 USER 


ATTRITION I5 


ATTACK VEHICLE SPEED IS 18.0 M. F.H. 


500.0 METERS 
Баета POSITIONS 


BREAKPOINT DISTANCE IS 


ши ооо) 
Ол го) 
[Пи • о о өе © е 

= јеје [је је) 


CUMIMUNUIU) > 


анг паг > 


[< МО ОООО О 

«<< (902 «Ка» ОС > 
03 О Оз О 
« ее суп 
са 


ооо) о 

ыг осо СЧ 

Qi o о • • è ọ 
п Oocooococ 
R3 
H 


624 ЕЛ ШУСОО ОКО О 


etf, 

MIENDNNDO 
ожог коза 
(26 . . . @ 8 е 
Aa ООООО 


3 
wy y OMONO 
F4A04,CO COC- «o 7t C4 
ж eee 8 э o 
оооооо 
е 
г. 
(3 032 ОО О О О 
300 О О О О О > 
аә ОШ Оц) оО 
же "TIN 
fx 


CURRENT STATUS OF UNIT I VARIABiE DEPINITIONS 


OT FIRING 
ND FIRING 


Z "E 


ABLE DEPINITICNS 


т 
>. 


SPEED VAR 


=ч 
~ 
біш 


VEHICL 


ЭЭ 


e > РЕ 





***** THE LAND COMBAT PHASE BEGINS #%%** 


**** DEFFESIVE FORCE IS ELIMINATED. END OP BATTLE. 


TIME- 520 SECONDS 


ASSAULT UNIT INFORMATION 

UNIT X 1 PORCE LEVEL STATUS LOST-PCT TARGETS 
1 223007 1947.3 ШӘ 21 1 0.281 6 
2 2220,7 22 3 20.7 1 0.012 6 
3 1779.4 1940.3 21.0 i 0 0.0 

DEFENSIVE UNIT INFORMATION 

UNIT Х T FORCE LEVEL STARUS LOST-PCT TARGETS 
4 3800. 0 2700.0 10.0 0 . 0.9 
5 3806. 0 2300.0 5.0 0 0.0 
6 3600.0 1700.0 0.0 2 1.200 12 
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В. GRAPHICS OUTEUT 


De outbut of the interactive grapkical support program 
15 classified into three types. The first туре is the line 
graph which presents a visual representation of the attri- 


tior and the percentage of initial strength remaining of a 
Nome during сойТат, Th= second type 1s the bar chart which 


focuses on the percentage of forces remaining at the termi- 


(Л 


haticn of combat. The last type is the arid пар һасһ 
displays the Fulda Gap ar2za of West Germany without contour 
lines. The grič map aiso displays the lcca*ion c£ forces, 
avenues of approach, and primary and alternate firing posi- 
tions of defensive forces within the land combat phase. An 
example of each type of output available via interactive 
graphical support program foiilows and are based upon “he 


input data listed in Appendix B. 
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mmu Ай 2 


= 
аш 
e 
Es 


EX LLA 


> 


LAND COMBAT PHASE 








KILOMETERS 


LAND COMBAT PHASE 
FIRING POSITIONS/AVENUES OF APPROACH 





KILOMETERS 
52 53 


UTM LEBEND: SYMBOLS 

de- OFFENSIVE UNIT POSITION NITM 1D NUMBER 
DEFENSIVE UNIT POSITION WITH 10 NUMBER 
C.» DEFENSIVE PRIMARY FIRING POSITION 

C. OEFENSIYE ALTERNATE FIRING POS] TON 






GREATER THAN 

METERS FROM INITIAL UNIT 
POSITION, A UNIT SYMBOL 15 
ОАЯММ AT THE NEN LOCATION. 
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